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Description 



[TRANSPARENT LATCH CIRCUIT] 

Background of Invention 
[0001] Background of the Invention 

[0002] The present invention relates to a transparent latch cir- 
cuit, and more particularly, to a transparent latch circuit 
for which a scan test is enabled. 

[0003] Background art 

[0004] a large and complicated semiconductor device includes a 
plurality of transparent latch circuits and a plurality of 
flip-flop circuits. A transparent latch circuit TL is shown in 
Fig. 7, and a flip-flop circuit FF is shown in Fig. 8. The 
flip-flop circuit FF is constituted by two transparent latch 
circuits TL. 

[0005] a scan test is conducted to determine whether a fault has 
occurred in a logic circuit (hereinafter referred to as a 
logic cone). For the scan test, a plurality of flip-flop cir- 
cuits in a semiconductor device are connected in series to 
form a shift register, and a signal (a function data signal) 



output by a desired logic cone is shifted sequentially by 
the shift register, and is output externally. Designing a 
semiconductor device on the assumption of this scan test 
is called scan design, and the state wherein the flip-flop 
circuits are connected in series for the scan test is called a 
scan path. 

[0006] As scan designs, there are a CSD (a General Scan Design) 
prepared on the assumption a scan test will be performed 
using a one-phase clock signal, and an LSSD (a Level Sen- 
sitive Scan Design) prepared on the assumption of a scan 
test using a two-phase clock signal. The merit of the LSSD 
is that no timing error will occur because a scan test will 
be conducted by using two independent clock signals; 
however, once the circuit structure has been completed, 
the size of the circuit will be increased. On the other hand, 
the circuit structure of the GSD can be simplified, com- 
pared with that of the LSSD, and the size of the circuit can 
be reduced. 

[0007] However, since according to the GSD a one-phase signal 
is employed, the transparent latch circuits TL, which hold 
signals or permit the signal to pass through, in conso- 
nance with the level (H or L) of the clock signal, can not be 
used as part of the scan chain, while the plurality of flip- 



flop circuits FF that read or output signals at the leading 
(or trailing) edge of the clock signal are employed as part 
of the scan chain. 
[0008] while referring to Fig. 9, an explanation will be given for 
the performance of a scan test when a plurality of flip- 
flop circuits FF1 to FF5 in a semiconductor device are lo- 
cated between logic cones 500 and 501. A signal (a func- 
tion data signal Dl) output by the logic cone 500 is trans- 
mitted through multiplexers MP1 to MP5 to the respective 
flip-flop circuits FF1 to FF5. During a scan test, the flip- 
flop circuits FF1 to FF5 are connected in series to form a 
scan chain. The function data signal output by a combina- 
tional circuit 400 in the logic cone 500 is transmitted 
through the multiplexer MP1 to the flip-flop circuit FF1, 
and following this, the multiplexer MP1 selects a scan 
data signal SI and transmits this signal SI to the flip-flop 
circuit FF1. Based on a clock signal CLK, the function data 
signal Dl is sequentially shifted from the flip-flop circuit 
FF1 to FF2 and then to FF3, and finally, is output by an 
output node 502. In this manner, when the scan chain is 
formed of multiple flip-flop circuits FF1 to FF5, the scan 
data signal Dl transmitted by a desired combinational cir- 
cuit 400 can be output externally. 



[0009] However, when as is shown in Fig. 10 a transparent latch 
circuit TL is provided for the scan chain instead of the 
flip-flop circuit FF1, the scan chain does not function as a 
shift register. At the succeeding stage, the transparent 
latch circuit TL can not transmit, to the flip-flop circuit 
FF2, data received at the leading edge or the trailing edge 
of the clock signal CLK. 

[0010] Therefore, when the transparent latch circuit TL is ar- 
ranged instead of the flip-flop circuit FF1, at the scan test 
time, a test signal TE is externally received by the trans- 
parent latch circuit TL, so that the transparent latch circuit 
TL is used as a through buffer, and the flip-flop circuits 
FF2 to FF5 constitute the scan chain. As a result, the func- 
tion data signal Dl transmitted by the combinational cir- 
cuit 400 can not be output externally. 

[001 1] when the transparent latch circuit TL is considered to be 
part of the logic cone 500, output data can not be 
uniquely defined relative to input data for the logic cone 
500 that includes the transparent circuit TL. This is true 
because, since the transparent circuit TL permits data to 
pass through, a loop is generated. Therefore, the trans- 
parent latch circuit TL can not also be regarded as part of 
the logic cone 500. 



[0012] Thus, according to the GSD, a scan test can not be per- 
formed for the wrapper or cycle stealing, of a memory cir- 
cuit that employs the transparent latch circuit. And as a 
result, overall test coverage of the semiconductor device 
is reduced. 

[0013] The following references are noted: 

[0014] Japanese Laid-Open Patent Publication No. Hei 4-216643; 

[0015] Japanese Laid-Open Patent Publication No. Hei 3-111776; 

[0016] Japanese Laid-Open Patent Publication No. Sho 

60-254740; and 

[0017] Japanese Laid-Open Patent Publication No. Sho 

57-106238. 
Summary of Invention 

[0018] it is one objective of the present invention to provide a 

transparent latch circuit capable of performing a scan test 
in the GSD. 

[0019] a transparent latch circuit according to the present inven- 
tion comprises a first latch circuit, a second latch circuit 
and latch stop means. The first latch circuit receives a 
data signal, and latches the data signal in response to the 
periodic fluctuation of a first signal. The second latch cir- 
cuit receives a signal output by the first latch circuit, and 



latches that signal in response to a second signal comple- 
mentary to the first signal. The latch stop means receives 
an externally input test signal, and when the test signal is 
in an active state, permits one of the first and the second 
latch circuits to let the signal received by the latch circuit 
pass through. 

[0020] According to this invention, when a test signal is in the 

inactive state, the transparent latch circuit selects the first 
or the second latch circuit to act as a latch circuit and let 
the signal, received by the other latch circuit, pass 
through. Therefore, during a normal operation, wherein 
the test signal is in the inactive state, the transparent 
latch circuit serves as a latch circuit. And when the test 
signal is in the active state, both the first and the second 
latch circuits serve as latch circuits; the first latch circuit 
latches a signal in response to a first signal, and the sec- 
ond latch circuit latches a signal in response to a second 
signal, one complementary to the first signal. As a result, 
during a scan test operation wherein the test signal is in 
the active state, the transparent latch circuit serves as a 
flip-flop circuit. Therefore, the scan test operation can be 
performed based on only the first signal, so that the scan 
test is enabled, even in the GSD. 



[0021] Preferably, the latch stop means includes: 

[0022] a | 0 gj C g ate f or receiving the first signal and the test sig- 
nal, for outputting the second signal when the test signal 
is in the active state, and for outputting a latch stop signal 
when the test signal is in the inactive state. During a pe- 
riod wherein the second latch circuit receives a latch stop 
signal, the second latch circuit permits the signal output 
by the first latch circuit to pass through. 

[0023] with this configuration, during a normal operation 

wherein the test signal is in the inactive state, the second 
latch circuit receives a latch stop signal from the latch 
stop means, and therefore, while the first latch circuit 
serves as a latch circuit, the second latch circuit permits 
the received signal to pass through. Then, when the test 
signal is in the active state at the scan test time, the sec- 
ond latch circuit receives the signal complementary to the 
first signal and serves as a latch circuit. As a result, the 
transparent latch circuit can function as a flip-flop circuit 
during a scan test, and the scan test can be performed 
based on the first signal. 

[0024] Preferably, the latch stop means includes: 

[0025] a logic gate for receiving the second signal and the test 



signal, and for outputting the first signal when the test 
signal is in the active state and for outputting a latch stop 
signal when the test signal is in the inactive state. During 
a period wherein the first latch circuit receives the latch 
stop signal, the first latch circuit permits a data signal to 
pass through. 

[0026] with this arrangement, during a normal operation wherein 
the test signal is in the inactive state, the first latch circuit 
receives the latch stop signal from the latch stop means, 
and therefore, the first latch circuit permits the received 
signal to pass through while the second latch circuit 
serves as a latch circuit. Then, when the test signal is in 
the active state at the scan test time, the first latch circuit 
receives the first signal complementary to the second sig- 
nal and serves as a latch circuit. As a result, the transpar- 
ent circuit functions as a flip-flop circuit for a scan test, 
and the scan test can be performed based on the second 
signal. 

[0027] Preferably, the latch stop means includes first latch stop 
means and second stop means. When the test signal is in 
the inactive state, the first latch stop means permits a sig- 
nal received by the first latch circuit to pass through, and 
the second latch stop means permits a signal received by 



the second latch circuit to pass through. The transparent 
latch circuit further comprises: a first transparent latch 
circuit and a second transparent latch circuit. The first 
transparent latch circuit includes first latch stop means, 
and the second transparent latch circuit includes second 
latch stop means. The first and second transparent latch 
circuits are alternately interconnected. 
[0028] when a normal operation is to be performed by connect- 
ing a plurality of first transparent latch circuits, or by con- 
necting a plurality of second transparent latch circuits, a 
circuit device must be inserted in order to invert the first 
signal between the adjacent transparent latch circuits. 
However, upon the insertion of the circuit device clock 
skew occurs. And therefore, according to the transparent 
latch circuit of the invention, the first and the second 
transparent latch circuits are alternately connected to 
avoid having to insert the circuit device between the 
transparent latch circuits. As a result, the occurrence of 

clock skew can be prevented. 
Brief Description of Drawings 

[0029] The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed de- 
scription of the preferred embodiments of the invention 



with reference to the drawings, in which: 

[0030] pig. 1 is a block diagram showing the configuration of a 
transparent latch circuit according to a first embodiment 
of the invention. 

[0031] pig. 2 is a detailed circuit diagram showing the arrange- 
ment of a master latch circuit in Fig. 1. 

[0032] Fig. 3 is a timing chart showing the scan test operation for 
the transparent latch circuit in Fig. 1. 

[0033] Fig. 4 is a block diagram showing the configuration of a 
transparent latch circuit according to a second embodi- 
ment of the invention. 

[0034] Fig. 5 is a block diagram showing the configuration of a 
transparent latch circuit according to a third embodiment 
of the invention. 

[0035] Fig. 6 is a timing chart showing the a normal operation for 

the transparent latch circuit in Fig. 5. 
[0036] Fig. 7 is a block diagram showing the configuration of a 

conventional transparent latch circuit. 
[0037] Fig. 8 is a circuit diagram showing the arrangement of a 

conventional flip-flop circuit. 
[0038] Fig. 9 is a block diagram for explaining a scan test. 

[0039] Fig. 10 is another block diagram for explaining a scan 
test. 



Detailed Description 

[0040] The preferred embodiments of the invention will now be 
described in detail while referring to the drawings. The 
same reference numerals are used throughout to denote 
identical or corresponding components, and no explana- 
tion for them will be given. 

[0041] First Embodiment 

[0042] while referring to Fig. 1, a transparent latch circuit 10 

comprises a multiplexer (MUX) 1, a master latch circuit 2, 
a slave latch circuit 3, an inverter 4 and a latch stop circuit 
5. 

[0043] The MUX 1 receives a function data signal Dl and a scan 
data signal SI, and selects a signal to be output to the 
master latch circuit 2. Specifically, the MUX 1 receives a 
select signal SE from a controller (not shown), and when 
the select signal SE level is L, the MUX 1 outputs the func- 
tion data signal Dl to the master latch circuit 2, while 
when the select signal SE level is H, the MUX 1 outputs the 
scan data signal SI to the master latch circuit 2. The in- 
verter 4 receives a clock signal CLK, inverts the signal CLK 
and outputs the inverted signal as a signal OIV4, and the 
latch stop circuit 5, constituted by a NAND gate, receives 



the signal 0IV4 and a test signal TE and outputs the NAND 
of these signals. Specifically, when the test signal TE level 
is L, the latch stop circuit 5 outputs a level H latch stop 
signal OG5. When the test signal TE level is H, the latch 
stop circuit 5 outputs, as a signal OG5, a signal comple- 
mentary to the signal OIV4. 

[0044] while referring to Fig. 2, the master latch circuit 2 in- 
cludes NAND gates 22 to 25 and an inverter 21. The 
NAND gate 22 receives a signal (the function data signal 
Dl or the scan data signal SI) from the MUX 1 and the sig- 
nal 0IV4 from the inverter 4, and outputs the NAND of 
these signals as a signal 4>G22. 

[0045] The NAND gate 23 receives the signal OIV21 from the in- 
verter 21 and the signal OIV4, and outputs the NAND of 
these signals as a signal OG23. The inverter 21 receives a 
signal (the function data signal Dl or the scan data signal 
SI) from the MUX 1, and inverts the signal. The NAND 
gates 24 and 25 constitute an SR latch circuit 26. The 
NAND gate 24 of the SR latch circuit 26 has two input ter- 
minals; one terminal is connected to the output terminal 
of the NAND gate 22, and the other is connected to the 
output terminal of the NAND gate 25. The NAND gate 25 
has two input terminals; one terminal is connected to the 



output terminal of the NAND gate 23, and the other is 
connected to the output terminal of the NAND gate 24. 

[0046] when the signal OG22 level is H, and the signal OG23 level 
is L, the SR latch circuit 26 outputs a signal OM at level L. 
When the signal OG22 level is L and the signal OG23 level 
is H, the SR latch circuit 26 outputs a signal OM at level H. 
When both of the signals d>G22 and OG23 are at level H, 
the SR latch circuit 26 latches the signal OM. 

[0047] The structure of the slave latch circuit 3 is the same as 
that of the master latch circuit 2. It should be noted that 
in the slave latch circuit 3 a NAND gate 22 receives the 
signal OM from the master latch circuit 2 and the signal 
OG5 from the latch stop circuit 5; a NAND gate 23 re- 
ceives the signal OIV21 from an inverter 21, which inverts 
the signal OM, and the signal d>G5 from the latch stop cir- 
cuit 5; and an SR latch circuit 26 outputs a signal DO. 

[0048] An explanation will now be given for a normal operation 
and the scan test operation performed by the thus ar- 
ranged transparent latch circuit 10. 

[0049] Normal operation of the transparent latch circuit During a 
normal operation, the test signal TE level is L. Then, since 
the select signal SE received by the MUX 1 is at level L, the 
MUX 1 selects the function data signal Dl and the master 



latch circuit 2 receives the function data signal Dl. At this 
time, the master latch circuit 2 in the transparent latch 
circuit 10 serves as a latch circuit, and the slave latch cir- 
cuit 3 simply lets the received signal pass through. This 
processing will be described in detail below. 
[0050] (i) c ase wherein the clock signal CLK drops from level H 
to level L 

[0051] when the clock signal CLK drops from level H to level L, 

the signal OIV4 output by the inverter 4 goes to level H. At 
this time, while the function data signal Dl is at level L, the 
signal OG22 output by the NAND gate 22 goes to level H 
and the signal OG23 output by the NAND gate 23 goes to 
level L As a result, the SR latch circuit 26 outputs the sig- 
nal OM at level L. When the function data signal Dl is at 
level H, the signal OG22 goes to level L and the signal 
OG23 goes to level H. As a result, the SR latch circuit 26 
outputs the signal OM at level H. Therefore, when the 
clock signal CLK drops from level H to level L, the master 
latch circuit 2 outputs the function data signal Dl as the 
signal OM. 

[0052] At this time, the slave latch circuit 3 lets the signal OM re- 
ceived from the master latch circuit 2 pass through, and 
outputs the signal as the signal DO. Specifically, during a 



normal operation, since the test signal TE is at level L, the 
latch stop circuit 5 outputs the latch stop signal OG5 at 
level H. When the signal OM is at level H, the signal OG22 
output by the NAND gate 22 goes to level L, and the sig- 
nal OG23 output by the NAND gate 23 goes to level H, so 
that the SR latch circuit 26 outputs the signal DO at level 
H. When the signal OM is at level L, the signal <t>G22 goes 
to level H, while the signal 4>G23 goes to level L, and the 
SR circuit 26 outputs the signal DO at level L Therefore, 
the received signal OM passes through the slave latch cir- 
cuit 3, which outputs the signal as the signal DO. 
[0053] (2) Case wherein the clock signal CLK rises from level L to 
level H 

[0054] when the clock signal CLK rises from level L to level H, the 
master latch circuit 2 latches the signal OM. Specifically, 
since the signal OIV4 goes to level L, the signals OG22 and 
023 output by the NAND gates 22 and 23 in the master 
latch circuit 2 go to level H. Therefore, the SR latch circuit 
26 latches the signal OM. 

[0055] At this time, since the test signal TE is at level L, the latch 
stop circuit 5 outputs the latch stop signal OG5 at level H. 
Thus, the received signal OM passes through the slave 
latch circuit 3, which outputs the signal as the signal DO. 



[0056] | n this manner, during a normal operation, the master 

latch circuit 3 in the transparent latch circuit 10 serves as 
a latch circuit, and the received signal OM is passed 
through the slave latch circuit 3. Therefore, overall, the 
transparent latch circuit 10 functions as a latch circuit. 

[0057] T est scan operation of the transparent latch circuit Refer- 
ring to Fig. 3, the test signal TE goes to level H during the 
test scan operation. Further, since the scan data signal SI 
is employed for the test scan, the select signal SE also 
goes to level H. Then, when at time tl the clock signal 
CLK goes to level H, the signal OIV4 output by the inverter 
4 goes to level L At this time, since the select signal SE is 
at level H, the MUX 1 selects the scan data signal SI. In the 
master latch circuit 2, the NAND gates 22 and 23 receive 
the signal OIV4 at level L, and outputs the signals OG22 
and OG23 at level H. As a result, the SR latch circuit 26 
latches the signal OM. Further, since, at time tl, the mas- 
ter latch circuit 2 receives a scan data signal SI-3, the sig- 
nal OM is equal to the scan data signal SI-3. Thus, during 
the period (from time tl to t2) wherein the clock signal 
CLK is at level H, the master latch circuit 2 continues to 
latch the scan data signal SI-3. 

[0058] Focusing on the operation of the slave latch circuit 3 dur- 



ing the period from time tl to t2, the latch stop circuit 5 
receives the test signal TE at level H and the signal OIV4 at 
level L, and outputs the signal *G at level H. When the 
slave latch circuit 3 receives the signal OM at level H, the 
NAND gate 22 receives the signal OG5 at level H and the 
signal OM at level H, and outputs the signal OG22 at level 
L. Further, the NAND gate 23 receives the signal OIV21 at 
level H and the signal OG5 at level H, and outputs the sig- 
nal OG23. As a result, the SR latch circuit 26 outputs the 
signal DO at level H. On the other hand, when the slave 
latch circuit 3 receives the signal OM at level L, the NAND 
gate 22 outputs the signal OG22 at level H, and the NAND 
gate 23 outputs the signal OG23 at level L. As a result, the 
SR latch circuit 26 outputs the signal DO at level L. There- 
fore, with a delay of yt following time tl, the output signal 
DO goes to the same level as the signal OM (i.e., the scan 
data signal SI— 3). The delay yt is generated using the time 
constant for the transparent latch circuit 10. 
[0059] The operation of the transparent latch circuit 10 during 

the period from time t2 to t3 will now be described. When 
the clock signal CLK goes to level L at time t2, the signal 
OIV4 input to the NAND gates 22 and 23 of the master 
latch circuit 2 goes to level H. Therefore, the scan test 



data signal SI, received during the period from time t2 to 
t3, is passed through the SR latch circuit 26, in the master 
latch circuit 2, that outputs this signal SI unchanged. 

[0060] At time t2, the slave latch circuit 3 receives the signal OG5 
at level L, and the signals OG22 and OG23, output by the 
NAND gates 22 and 23 in the slave latch circuit 3, go to 
level H. Therefore, until time t3, in the slave latch circuit 
3, the SR latch circuit 26 latches the signal OM (i.e., the 
scan data signal SI-3) received by the slave latch circuit 3. 
Following time t3, the operation performed during the pe- 
riod from time tl to t2 is repeated. 

[0061] At time t5, the select signal SE goes to level L, and the 

MUX 1 selects a function data signal SO0 that is then out- 
put to the master latch circuit 2. This is the result of ob- 
servations made of the output of a logic cone encompass- 
ing a plurality of the transparent latch circuits 10. At this 
time, since the test signal TE is maintained at level H, the 
master latch circuit 2 and the slave latch circuit 3 perform 
the same operations as when the scan data signal SI is re- 
ceived. 

[0062] Through the above described processing performed, dur- 
ing a scan test operation, at the leading edge of the clock 
signal CLK, the master latch circuit 2 in the transparent 



latch circuit 10 latches the received scan data signal SI, 
and the received signal *M is passed through the slave 
latch circuit 3. At the trailing edge of the clock signal CLK, 
the received scan data signal SI passes through the master 
latch circuit 2, and the slave latch circuit 3 latches the 
output signal DO. Thus, the transparent latch circuit 10 
functions as a flip-flop circuit. 

[0063] According to this embodiment, since in the scan test op- 
eration the transparent latch circuit 10 serves as a flip- 
flop circuit, a one-phase clock can be employed to per- 
form the scan test, and during a normal operation, the 
transparent latch circuit 10 can be used as a latch circuit. 
Therefore, since the transparent latch circuit 10 of this 
embodiment is employed as a RAM wrapper or for cycle 
stealing, the scan test can be performed using a one- 
phase signal, and the test coverage in the GSD can be im- 
proved. 

[0064] Second Embodiment 

[0065] According to the transparent latch circuit 10 of the first 
embodiment, upon receiving the latch stop signal OG5 
during a normal operation, the latch the slave latch circuit 
3 lets a received signal pass through, and the master latch 
circuit 2 serves as a latch circuit. However, during a nor- 



mal operation, the master latch circuit may let a received 
signal pass through, and the latch circuit 3 may serve as a 
latch circuit. 

[0066] while referring to Fig. 4, a transparent latch circuit 20 

comprises a latch stop circuit 50, instead of the inverter 4 
and the latch stop circuit 5 of the transparent latch circuit 
10. The latch stop circuit 50 has two input terminals, at 
one of which it receives a test signal TE and at the other, a 
clock signal CLK. Thereafter, a NAND of the test signal TE 
and the clock signal CLK is obtained and output by the 
latch stop circuit 50. Specifically, when the test signal TE 
is at level L, the latch stop circuit 50 outputs a latch stop 
signal OG50 at level H. And when the test signal is at level 
H, the latch stop circuit 50 outputs a signal /CLK that is 
complementary to the clock signal CLK. The output signal 
of the latch stop circuit 50 is transmitted to NAND gates 
22 and 23 of a master latch circuit 2, while the clock sig- 
nal OCLK is transmitted to NAND gates 22 and 23 of a 
slave latch circuit 3. The other components of the struc- 
ture are the same as those for the transparent latch circuit 
10. 

[0067] using this circuit configuration for the transparent latch 
circuit 20, during a normal operation, the latch stop cir- 



cuit 50 outputs the latch stop signal OG50, and as a re- 
sult, a received function data signal Dl is passed through 
the master latch circuit 2. At this time, the slave latch cir- 
cuit 3 receives the clock signal CLK, and serves as a latch 
circuit. During the scan test operation, the latch stop cir- 
cuit 50 outputs the signal /CLK while the master latch cir- 
cuit 2 and the slave latch circuit 3 function as latch cir- 
cuits, and overall, the transparent latch circuit 20 serves 
as a flip-flop circuit. Since the transparent latch circuit 20 
serves as a latch circuit during a normal operation, and 
serves as a flip-flop circuit during the scan test operation, 
the test coverage can be improved for the CSD, for which 
the scan test is performed using a one-phase signal. 

[0068] Third Embodiment According to the first and the second 
embodiments, the transparent latch circuits 10 and 20 
function as latch circuits during a normal operation, and 
function as flip-flop circuits during a scan test operation, 
so that a scan test is enabled for the GSD. 

[0069] when the two transparent latch circuits 10 of the first em- 
bodiment are connected, this circuit structure can be op- 
erated as a flip-flop circuit, even during a normal opera- 
tion. Specifically, when at the preceding stage the master 
latch circuit 2 in the transparent latch circuit 10 latches 



the function data signal Dl, at the succeeding stage an in- 
put signal is passed through the master latch circuit 2 in 
the transparent latch circuit 10, while when at the preced- 
ing stage the function data signal Dl passes through the 
master latch circuit 2 of the transparent latch circuit 10, at 
the succeeding stage the master latch circuit 2 of the 
transparent latch circuit 10 latches the output signal DO. 
As for the transparent latch circuit 20, the same arrange- 
ment is employed as that used in the second embodiment. 

[0070] | n order to perform the above described operation, a cir- 
cuit device for inverting the clock signal CLK must be in- 
serted between the transparent latch circuits at the two 
stages. However, since clock skew would occur upon the 
insertion of the circuit device, and since an erroneous op- 
eration may occur as a result of the clock skew, it is 
preferable that the clock skew be prevented. 

[0071] As is shown in Fig. 5, a transparent latch circuit 30 ac- 
cording to a third embodiment is a combination of the 
transparent latch circuits 10 and 20. Specifically, the out- 
put terminal of the slave latch circuit 3 of the transparent 
latch circuit 10 is connected to the function data signal Dl 
input terminal of the MUX1 of the transparent latch circuit 
20, and the input terminal of the inverter 4 of the trans- 



parent latch circuit 10 is connected to the clock signal CLK 
input terminal of the transparent latch circuit 20. Normal 
operation of the transparent latch circuit 30 in Fig. 5 will 
now be explained. 

[0072] while referring to Fig. 6, during a normal operation, a test 
signal TE input to the transparent latch circuit 30 goes to 
level L. As a result, the slave latch circuit 3 of the trans- 
parent latch circuit 10 receives a latch stop signal OG5 
from the latch stop circuit 5, permits the signal OM, re- 
ceived from the master latch circuit 2, to pass through 
continuously, and outputs the signal OM to the transpar- 
ent latch circuit 20. Therefore, in the transparent latch 
circuit 10, only the master latch circuit 2 serves as a latch 
circuit. In the transparent latch circuit 20, the master latch 
circuit 2 receives the latch stop signal OC50 from the latch 
stop circuit 50, permits the signal received from the 
transparent latch circuit 10 to pass through, and outputs 
the signal to the slave latch circuit 3, which serves as a 
latch circuit of the transparent latch circuit 20. 

[0073] Therefore, during a normal operation, in the transparent 
latch circuit 30, the master latch circuit 2, in the transpar- 
ent latch circuit 10, and the slave latch circuit 3, in of the 
transparent latch circuit 20, function as latch circuits. 



When the clock signal CLK goes to level H at time tlO, the 
signal OIV4 input to the master latch circuit 2, in the 
transparent latch circuit 10, goes to level L, while the 
clock signal CLK input to the slave latch circuit 3, in the 
transparent latch circuit 20, is at level H. Therefore, dur- 
ing the time period tlO to t20, the master latch circuit 2 in 
the transparent latch circuit 10 latches a received function 
data signal Dl, and after a delay of yt2 from time tlO, in 
accordance with the time constant, the slave latch circuit 3 
in the transparent latch circuit 3 passes the function data 
signal Dl through. 

[0074] when the clock signal CLK goes to level L at time t20, the 
master latch circuit 2 in the transparent latch circuit 10 
passes a received function data signal D2 through, while 
the slave latch circuit 3 in the transparent latch circuit 20 
latches an output signal DO (function data signal Dl). As a 
result, during a normal operation, the transparent latch 
circuit 30 functions as a flip-flop circuit. Further, since a 
circuit device for inverting the clock signal CLK need not 
be arranged between the transparent latch circuits 10 and 
20, clock skew does not occur. 

[0075] Preferred embodiments of the present invention have 

been explained. These embodiments, however, are merely 



examples. The present invention is not limited to the em- 
bodiments and can be provided by variously modifying 
the embodiments without departing from the scope of the 
invention. 



